Background: Work-related musculoskeletal disorders are accumulative disorders that are most frequently found in agricultural farmers. The purpose of this study was to investigate factors that affect symptoms resulting from work-related musculoskeletal disorders among Cambodian farm workers working in fruit plantations in the eastern region of Thailand. Methods: The Nordic Musculoskeletal Questionnaire, Rapid Upper Limb Assessment, and Hazard Zone Jobs Checklist techniques were used to interview 861 farmers who participated in the study. Results: The data showed that men who had been working for >10 years were more at risk of neck pain than those working for <1 year with adjusted odds ratio (aOR) 1.66, 95% confidence interval (CI) (1.90, 14.5). Among women those who had been working for >10 years experienced lower back pain with aOR 8.13, 95% CI (1.04, 63.74), compared with those who had been working for <1 year. Men whose tasks required raising the arms above shoulder height had a risk factor contributing to neck pain of aOR 1.68, 95% CI (1.08, 2.61) when compared with those who did not work with this posture, and women had aOR 1.82, 95% CI (1.07, 3.12) when compared with those who did not work with this posture. Conclusion: Based on the results of this study, it is recommended that work-related health conditions are monitored in migrant plantation workers to reduce the risks of musculoskeletal disorders.
Introduction
Thailand is an agricultural country with a population of 65.7 million people [1] . Approximately 14.88 million people, or about 38.7%, work in the agricultural sector [2] . Over the past decades, the number of Thai agricultural workers has decreased gradually, which in turn has forced plantation employers to seek migrant workers to combat this critical lack of manpower [3] . Consequently, the number of migrant workers has been increasing continuously. According to the Thailand Bureau of Labor, the number of migrant workers in Thailand had increased from 1,248,064 in 2011 to 1,437,716 in 2016 [4] . Cambodian migrant workers became popular employees in fruit plantations across the eastern region because of its proximity to the Cambodian border, which can easily be crossed into the area. Cambodian migrant workers were considered the largest population of migrant workers in the sector of fruit farms in the eastern part of Thailand [5] . Moreover, according to researchers' observation, these workers were notably exposed to the risks related to ergonomics in this work environment, as it is an occupation requiring various types of heavy workloads, repetitive work, standing tasks, etc.
The World Health Organization has stated that work-related musculoskeletal disorders (WMSDs) constitute a major occupational problem globally [6] . This was in accordance with musculoskeletal symptom risk studies of working activities and postures of migrant workers, in which they performed their work through various activities consisting of fruit tree care taking by applying fertilizers, mixing and spraying pesticides, harvesting, goods packaging, manually carrying packages, etc. In addition, their work postures comprise awkward body bending, heavy manual lifting, repetitive movement, daily prolonged working [7] , and awkward neck bending. In addition, many lack the knowledge of safety and healthy working conditions such as the risk from vibrations [6, 8] . All these are considered more significant risk factors for musculoskeletal symptoms than others [9e11] .
Musculoskeletal symptoms generally contribute to poor quality of life, and illness results in costly treatment. It is anticipated that by the year 2020, numerous people will be suffering from severe health-related problems [12e14] . Recently, many studies investigating the prevalence of WMSDs among agricultural occupation in Thailand have been conducted; for instance, a study in sugarcane plantations found that sugarcane farm workers suffered physical illness symptoms, including back pain, muscle cramps, lumbar pain, and shoulder pain [15] . Another study on a rubber plantation conducted by Plykaew and Kaewthummanukul [16] demonstrated that the prevalence of musculoskeletal symptoms in the 12 months and 7 days prior to the study was 87.7% and 65.11%, respectively.
Many factors contribute to musculoskeletal symptoms [11, 17, 18] , which can be categorized as personal factors [13] , such as gender, age, etc.; working conditions involving repetitive movement, exertive force, and prolonged work for mostly 9e12 hours [19] ; and awkward postures such as body bending, kneeling, body or arm twisting, and raising hands above the head [7, 20, 21] . Moreover, inappropriate working conditions and environment factors such as vibrations, combined with prolonged work hours, may also lead to musculoskeletal symptoms [8] .
Most WMSDs are accumulative disorders [22] . Musculoskeletal disorders (MSDs) are most frequently found in arms and the back as a result of injuries and disorders across various parts of the body [23] . A variety of methods are widely used to diagnose MSDs, such as ultrasound imaging and medical/symptom examination methods [22] . One of the first signs of an increased risk of MSDs is muscle fatigue, which can eventually lead to decreased strength, reduced task performance, impaired exercise capacity, and/or less ability to exert force, and diminished power output [24, 25] .
Additionally, there are many methods for measuring the signs of muscle fatigue, including biomechanical manifestation via intracellular pH change, blood samples, and electromyography signals via invasive (needle electromyography) or noninvasive (surface electromyography) techniques [6,22,26e28] . However, for initial field assessment, Rapid Upper Limb Assessment (RULA) and the Hazard Zone Jobs Checklist, which requires basic and quick evaluation procedures, are still extensively used to evaluate the risks of work posture and lifting tasks, which contribute to MSDs affecting an upper body limb, and to evaluate lifting tasks, respectively [29e31].
Many studies relevant to ergonomic-related risk identification among Thai farm workers have been found in related literature reviews. These studies include the study by Swangnetr et al. [32] and others that studied ergonomic-related risk identification and pain analysis for farm workers involved in rice field preparation; Chanprasit and Kaewthummanukul [33] studied corn plantation farm workers and found that most of their working postures did not adhere to ergonomic recommendations such as the prevalence of body bending (9.2%), prolonged standing (97.7%), and manual heavy lifting (90%) [33] . In addition to those described above, studies were also conducted for sugarcane, rice, and rubber tree plantation workers [15, 16] .
Nevertheless, none of the identified studies included migrant farm workers, such as Cambodians working in Thailand. This study, therefore, focuses on musculoskeletal symptoms among Cambodian migrant workers in the region of eastern Thailand, where most of them were present. All information from this study may therefore help inform the provision of better future health monitoring practice guidance among farm workers in Thailand. The objectives of this research are to study the factors contributing to MSDs among Cambodian migrant farm workers in eastern Thailand.
Materials and methods

Population
The research participants were male and female migrant farm workers, who crossed the Cambodian border seeking employment in fruit plantations in the eastern provinces of Thailand. Working processes of fruit farming require different consecutive tasks, including fruit tree care taking by applying fertilizers, mixing and spraying pesticides, sprinkling water, harvesting, goods packaging, and manually carrying packages. However, only the processes of mixing, spraying pesticides, and harvesting fruits were selected for the study of musculoskeletal symptom risks, which involve working activities and postures of migrant workers.
Backpacks, cars, and stationary pesticide tanks were used as sprayer equipment. Backpack pesticide sprayers are used to apply insecticides directly over relatively small areas. Typically, migrant fruit farm workers used backpack pesticide sprayers by holding insecticide mixed with water. The volume of fully loaded sprayers varies from 8 L to over 22 L. When spraying insecticide using a car, insecticide mixed with water is poured in a large 1,000-L tank positioned on a car. Pesticide spraying usually involves a team of two to three people including a car driver, a sprayer, and an assistant. Farm workers usually spray insecticides along the distance of the area within the larger orchard. The method of using a stationary pesticide tank to spray follows the same pattern as the method of spraying insecticide using a car, except for the location of the large tank, which is placed on the ground. The insecticide team usually consists of two people, a sprayer and an assistant.
Inclusion criteria were that the participant was an immigrant of Cambodian nationality, was employed in a fruit plantation in the eastern region of Thailand as a permanent employee, and had been employed for at least 1 year. Those participating in this research did so on a voluntary basis, and permission from the employer was obtained beforehand.
Sample size
The sample size for this study was determined by the number needed to perform simple logistic regression [34] .
Here n is the required sample size and P the rate of use of health care services at a Thai hospital or medical facility. According to the study conducted by Lekcharoen et al. [34] , regular exposure to a low temperature for more than 3 hours is equivalent to 61.4 (p ¼ 0.614) and p1 À p2, respectively. The difference in incidence between the groups that had a physical risk and those that did not have the risk was small (0.15).
When the calculation and error approximation are put in place, a will be equal to 5% (¼1.96). The formula for hypothesis testing is (1 À b) and is equal to 80% (¼0.84). The calculation of the sample size indicates that 495.48 informants are required. However, there are variables in this study. Thus, the sample size has been adjusted [35] ; np is the adjusted sample size and n1 the calculated sample size for simple logistic regression. R is the correlation analysis of multiple logistic regression, which has been set as 35% (R 2 ¼ 0.35) for this study.
Based on this formula, the total size of the sample is 762 informants. This study was conducted among workers in fruit orchards and was carried out in three eastern provinces (Chonburi, Rayong, and Chanthaburi) where there were many workers in a relatively small geographic area; this allowed data to be obtained from 861 participants.
Research ethics
All participants were permitted to decline or withdraw at any time from the study without penalty. Those who agreed to participate signed an informed consent form. The Institutional Review Board of Burapha University provided ethical approval for the study protocol.
Tools and data collection
An interview questionnaire in the Khmer language was used to collect data. Interviews of groups of three to seven workers were conducted by five researchers and two translators. Prior to starting the interviews, a formal letter was conveyed to the farm owner or manager and an appointment was arranged by telephone. Both the translator and the Thai interviewer were educated before data collection. The groups of Cambodian migrant farm workers were interviewed by both a Khmer-speaking interpreter and a Thai researcher at the end of a work shift. Interviews had an average duration of 10e15 minutes and were carried out at their local subdistrict health promoting hospital. Data were collected using the interview questionnaire, RULA Assessment Word sheet for evaluating posture at work, and the Hazard Zone Jobs Checklist for evaluating the lifting tasks. Details are as follows.
Interview questionnaire
This questionnaire was divided into four parts. The first part contained demographic characteristics such as gender, age, educational level, marital status, monthly income, and smoking and alcohol consumption history. The second part included work history with the duration of work (years), total plantation space (acres), frequency of spraying (time/wk), duration of insecticide spraying (hours), and the insecticide spraying method. All questions were either multiple-choice type or open ended. The third part, on conditions in the work environment and ergonomic work, included questions about the physical work environment: temperature, vibration from engine, or mechanic and ergonomic work environment (specifically heavy workload, repeated work, standing work, twisting, reaching, bent posture, heavy lifting tasks, kneeling and squatting, and raising arms above shoulder height). The fourth part included questions on the health effects of musculoskeletal symptoms: neck pain, shoulder pain, elbow pain, wrist and hand pain, upper and lower back pain, hip and thigh pain, and pain in the knees and ankles. This ergonomic assessment was adapted from the Nordic Musculoskeletal Questionnaire that evaluated the postural stress of potters and sculptors [36e38]. The score was categorized into two levels: 0 when no symptoms were found and 1 when a symptom was found.
Risk assessment methods for work posture
The posture of the Cambodian farm workers showing their movement while mixing insecticide, spraying mangosteens and rambutans, obtaining durians, and trimming grapes was video recorded. The footage was cropped to produce snapshots for an analysis of postures of the farm workers. Snapshots of six workers were obtained, and the snapshots were analyzed to complete the RULA score sheets; the lifting task was assessed using the Hazard Zone Jobs Checklist.
Migrant farm workers were assessed by RULA because the upper limbs of the arm and wrist were primarily used. The RULA exposure scores were divided into four exposure categories: 0, 1, 2, and 3, indicating negligible, low, medium, and high exposures, respectively. Scores from the position of the upper arm (shoulder posture), lower arm (elbow posture), and wrist were adjusted because of more extreme postures. The following specific decisions were made: (1) determine if the workers worked mostly with their hand/forearm in neutral position or with the palm of the hand facing up or downdif neutral, the wrist twist was scored as mainly of midrange, and if facing up/down, the wrist twist was scored as being at or near the end of twisting range; (2) determine the muscle use score by deciding if the upper limb postures were already scored as mainly static, or if they were repeated four or more times a minute; (3) determine the score of force/load by considering the amount of force or load that was placed on or exerted by the upper limb as part A. Part B scores the posture of the neck, trunk, and legs, and was adjusted for more extreme neck and trunk postures.
The Hazard Zone Jobs Checklist of the Department of Labor and Industries, Washington State, USA, was used for lifting tasks to determine the ergonomic risk among farm workers executing lifting tasks [39] . The calculator for analyzing lifting operations can be explained in six steps: (1) record the weight of the object lifted; (2) select the number on the rectangle below that corresponds to the position of the person's hands when they begin to lift or lower the objects above shoulder height, from waist to shoulder height, from knee to waist height, and below the knee; (3) select the number that corresponds to the number of times a person lifts objects per minute and the total number of hours per day spent lifting; (4) select 0.85 if the person twists !45 while lifting, and if not, use 1.0; (5) multiply the numbers that have been selected in Steps 2, 3, and 4 for the lifting limit; and finally (6) compare the weight lifted (1) with the lifting limit (5).
Data analysis
The accuracy of the information was verified and encoded in a computer. Statistical data analysis was performed by SPSS/PC version 22 software. The statistical data analysis consisted of three parts: (1) analysis of participant characteristics including work history, proportion of exposure to hazards, proportion of selfreporting of subjective symptoms that were classified by genders and analyzed using descriptive statistics including tabulated frequency, percentage, mean, standard deviation, median, minimum, and maximum values; (2) chi-square tests to explore comparisons of independent and dependent variables (musculoskeletal symptoms: neck, shoulder, elbow, wrist, upper and lower back, hip, knee, and foot pain) between men and women (significance level: p ¼ 0.05); And (3) multiple logistic regression analysis, preceded by bivariate logistic analysis, to analyze the association between each independent variable and the symptoms of MSDs. Significant variables, including age, duration of work, plantation space, standing work, and arms raised above shoulder height, were used to identify the significant variables contributing to the symptoms of MSDs for the farm workers.
Results
Social demographic data
In this study involving a population of 861 Cambodian farm workers, there were more men than women. The mean age of men and women were 30.7 [ standard deviation (SD) 8.4] and 29.8 (SD 8.7) years, respectively. The participants' age ranged mostly between 20 years and 29 years (39.1% of men and 42.2% of women). A comparative analysis found that the mean age of men and women showed no difference and that 69.3% of men were married, compared with 70.6% of women. It was found that 55.5 of men and 57.5% of women were uneducated. Monthly income for men (42.9%) and women (50%) ranged from USD142 to USD200; men had a mean income of USD217 (SD 61), which was higher than that of women (USD205, SD 60; see Table 1 ).
Smoking and alcohol intake
Most male and female farm workers (39.3% and 5.8%, respectively) were smokers at the time of the study; 23% of men and 4.2% of women had been smoking for 1e5 years. Their consumption of alcoholic drinks indicated that 48.3% of men and 11.4% of women were drinkers. A comparative analysis found that current smoking habits and alcohol consumption among men and women were significantly different: c 2 ¼ 124.238 (p < 0.001) and c 2 ¼ 138.78 (p < 0.001), respectively, as shown in Table 1 .
Work history
This study shows that most of the men (58.9%) and women (59.4%) working on farms had been working for 2e5 years; the mean number of years spent working was 4.4 (SD 3.5) years for men and 4.1 (SD 4.2) years for women.
Men (49.9%) and women (54.7%) worked in an area approximately as big as 19 acres, which could separate in men (58.8, SD 121.18) acres and women (68.83, SD 137.93) acres in average.
Men working on farms mostly sprayed pesticides twice a week (45.1%), while women sprayed once a week (47.2%); 10.2% of men and 5.8% of women sprayed pesticides more than three times a week.
It was found that pesticide spraying sessions lasted 4e5 hours for 42.7% of men and 40.8% women. Cars and motorcycles were used by 43.1% of men and 50.6% of women to spray insecticides, while 25.9% of men and 20.3% of women used backpacks to spray pesticides, and stationary pesticide tanks were used by 30.1% of men and 26.9% of women. These results indicate that the duration of work between men and women demonstrated a significant difference (c 2 ¼ 6.08, p ¼ 0.048), as shown in Table 2 .
Working conditions and working environments
It was found that most farm workers (49.1% of men and 47.2% of women) performed their tasks in settings where the temperature was too hot, and that they were affected by the vibration of machines and tools (men, 13.8%; women, 10.3%). With regard to ergonomics, it was found that most tasks conducted by men (64.3%) and women (64.2%) required bending, squeezing, and reaching gestures, and were followed by tasks performed in a standing position (65.7% of men and 55.8% of women) and by lifting hands above shoulder height (55.1% of men and 53.6% of women). By comparison, these results showed that the current heavy workload and work performed while standing showed significant differences between men and women: c 2 ¼ 4.04 (p ¼ 0.044) and c 2 ¼ 8.56
(p ¼ 0.003), respectively, as shown in Table 3 .
Risk assessment for work posture
With respect to the risk assessment for work posture, it was found that mixing, insecticide spraying of rambutans and mangosteens, obtaining durians, and trimming grapes all had a very high risk score of 7.
The risk for lifting tasks (using the basket and placing it on the floor or in the car) was assessed by the Hazard Zone Jobs Checklist and classified into six steps: (1) the object weight was 57.2 lbs; (2) the position of the worker's hands when he/she began to lift the object were around knees to waist, but when lowering the object the position was waist to shoulder height, so the lifting limit was 40 lbs for both origin and destination; (3) the frequency per minute was nine lifts every minute and the total number of hours per day was >2 hours, so the multiplier was 0.15; (4) the worker performed twists of !45 while lifting, so the multiplier was 0.85; (5) the final lifting limit with those conditions was 40 Â 0.15 Â 0.85, and it was shown to be 51 lbs; and (6) the results found that the weight lifted was higher than the lifting limit, indicating that the lifting operation was hazardous.
Health effects in MSDs
It was found that most men (38.9%) and women (44.7%) working on farms had developed pain over several body portions, including lower back area, followed by the upper back (28.3% of men and 28.1% of women) and neck (23.8% of men and 24.2% women) areas. This study showed that women were more exposed to ergonomic respectively, as shown in Table 4 .
Factors contributing to the MSD symptoms among Cambodian migrant workers
Concerning bivariate logistic analysis between gender and MSDs, with respect to risk factors contributing to hip and thigh pain as well as wrist and hand pain, it was found that women were at risk of hip and thigh pain as well as wrist and hand pain when compared with men, with an adjusted odds ratio (aOR) equal to 1.85, 95% confidence interval (CI) (1.29, 2.64), and aOR 1.56, 95% CI (1.03, 2.36), as shown in Table 5 .
Multiple logistic regression analysis and significant variables, including age, duration of work (years), plantation space (acres), standing work, and raising arms above shoulder height, were used to identify the significant variables contributing to musculoskeletal symptoms for the Cambodian migrant farm workers. For multivariate logistic analysis in men, this study showed that for men age between 40 years and 49 years and an age of >50 years were risk factors for increased knee pain, with aOR 8.78, 95% CI (1.04, 74.18), and aOR 7.63, 95% CI (7.59, 98.78), respectively, when compared with those aged <20 years, as shown in Table 6 . However, for women age between 40 years and 49 years and an age of >50 years were not risk factors for increased knee pain more frequently.
It was found that men who had been working for >10 years had a higher risk of neck pain when compared with men who had been Table 3 Proportion of exposure to hazards working for <1 year, with aOR 1.66, 95% CI (1.90, 14.5). However, this study found that women who had been working for >10 years did not have a risk of increased neck pain, when compared with those who had been working for <1 year.
Men who worked in a plantation area of >39 acres in total had an increased risk of pain in the neck, wrist, upper and lower back, knee, and ankle, when compared with those who had worked in a plantation area of fewer than 20 acres, as shown in Table 6 . Men whose tasks required raising the arms above shoulder height had a risk factor contributing to neck pain, with aOR 1.68, 95% CI (1.08, 2.61), as shown in Table 6 .
Among women, it was found that working durations of 6e10 years and >10 years when compared with a working duration of <1 year were risk factors affecting pain in the lower back, with aOR 5.92, 95% CI (1.02, 34.3) and aOR 8.13, 95% CI (1.04, 63.74), respectively. However, it was found that men who had been working for 6e10 years and >10 years were not at a risk of lower back pain compared with those who had worked for <1 year.
Women who worked in a plantation area of >39 acres in total had an increased risk of pain in the neck, elbow, wrist, upper and lower back, knee, and ankle when compared with those who worked in a plantation area of fewer than 20 acres, as shown in Table 7 . Women whose tasks required raising the arms above shoulder height had a risk factor contributing to neck pain, with aOR 1.82, 95% CI (1.07, 3.12), when compared with those who did not work in this position, as shown in Table 7 .
Discussion
Overall prevalence
The result of the study indicated that the prevalence of musculoskeletal symptoms measured by at least one symptom among Cambodian farm workers who worked in the orchards in the eastern region was 692 (80.40%). When comparing the proportion of subjective symptoms reported by men and women, it was found that wrist and hand pain and hip and thigh pain (p ¼ 0.001) for men and women, respectively. For the nine body parts, the highest prevalence of musculoskeletal symptoms were reported for complaints in the lower back (38.9% of men and 44.7% of women), followed by upper back (28.3% of men and 28.1% of women) and neck (23.8% of men and 24.2% of women), which corresponds to the study conducted by Meyers et al. [11] ; they indicated that musculoskeletal symptoms were caused by disorders of the muscles, tendons, joints, nerves, and tissues throughout the body. Most organs that developed a disorder, such as the lower back, neck, and shoulders, are usually used in agriculture work. This is consistent with the study by McMillan et al. [40] , who examined musculoskeletal symptoms in 1,212 farm workers in Saskatchewan, Canada, and found that most participants (85.6%) reported having musculoskeletal pain in at least one body part over the past year.
The current study reports that lower back pain did not differ between men and women. The highest prevalence of musculoskeletal symptoms found in this study was in the lower back, which was high compared with corresponding rates from other studies, although it is difficult to compare directly because of different modified measurement tools, the Standard Nordic Questionnaire used, and a broadly different study population. The study of Ng et al. [41] indicated that the prevalence of lower back pain, measured using a modified Standard Nordic Questionnaire (Indonesian version), was 24.5% among Indonesian oil palm plantation farm workers. However, the prevalence of lower back pain is lower than that reported in the study conducted by Keawduangdee et al. [42] , who indicated a prevalence rate of lower back pain of 83.1% among Thai farm workers during the rice transplanting process. They also used a modified Standard Nordic Questionnaire (Thai version), which was also used in a study among pluckers in a tea plantation in Tamil Nadu, India. Vasanth et al. [43] reported that the prevalence of lower back pain was 52.8% using a modified Standard Nordic Questionnaire (Indian version).
Work conditions
Tasks performed by the Cambodian farm workers in the orchard require heavy physical strength, for instance, lifting fruit baskets. By comparing the ergonomic work environment between men and women, it was found that the amount of heavy workloads and standing work significantly differed. From this study, the result of the lifting work assessment, measured using the techniques of the Hazard Zone Jobs Checklist, found that the fruit container lifting task is a high-risk task, as the container's weight is 57.2 lbs, which exceeds the weight (51 lbs) recommended by the Department of Labor and Industries [39] . In addition, Cambodian farm workers are also exposed to other risk factors such as unhealthy working gestures, repeated exposure, repeated working gestures such as pesticide mixing and spraying, and collection of fruits such as grapes, durians, and rambutans.
Risk assessment using the RULA technique [36e38] found that those tasks are associated with very high risk. As a result, they may lead to injury and inflammation of muscles, tendons, and other organs, which corresponds to the findings of the study conducted by Basher et al. [44] , who indicated that almost half (42%) of the sample group responded that they had experienced pain symptoms in multiple organs at least once while performing these tasks in the plantation or orchard.
Factors affecting MSDs
Musculoskeletal symptoms among Cambodian farm workers who work in the orchard may be caused by various risk factors. According to this study, risk factors contributing to musculoskeletal symptoms are age, working duration, plantation area, and unhealthy working gestures. This study found that men had a slightly higher average age than women (30.74 years vs. 29.85 years). However, the age of men and women was not significantly different. It also revealed that men who were between 40 years and 49 years of age and those >50 years old had a risk of developing knee pain more frequently (8.78 and 7.63 times, respectively) than men who were <20 years old. However, women aged between 40 years and 49 years and those > 50 years old were not at a risk of increased knee pain more frequently. There is some possibility that a group of 40e49-year-old male farm workers might have begun to suffer from MSDs due to tasks performed in the orchard, which required standing work (65.7%) and caused more knee pain. Apparently, this corresponded to the previous study results, indicating that farm workers who were 20e60 years old usually experienced musculoskeletal discomfort, especially those in the 41e60-year age group [44] .
In addition, inappropriate working aspect and working posture were found among men who had heavier workload (p ¼ 0.04) and standing work, which may cause knee pain, than among women (p ¼ 0.003). This corresponds to the study of work-related knee pain symptom and other factors among 1,616 workers. It indicated that 122 people (7.5%) have chronic knee pain. In 243 people (15.0%), significant associations were found between incident chronic knee pain and handling loads of >4 kg [OR 2.1 (1.2e3.6) for men, OR 2.3 (1.1e5.0) for women] [45] .
Gender
This study showed that women were more exposed to ergonomic risk factors (heavy workloads and raising arms above shoulder height) than men (c 2 ¼ 4.401, p ¼ 0.036, and c 2 ¼ 11.59, p ¼ 0.001, respectively). Moreover, regarding the data analysis of bivariate logistic regression, it was found that the women participating in the study were more at risk of developing wrist and hand pain as well as hip and thigh pain than men. This may be the result of heavier workloads assigned to female farm workers since women are usually assigned multiple tasks per day, such as watering fruit, dragging pesticide cables, trimming branches, fruit collecting, fruit selection, and fruit packaging. In addition, women are still expected to do difficult housework. The risk can also come from the physical differences between men and women, which correspond to a previous study that indicated that women farm workers experience more muscle discomfort symptoms than men (p < 0.001) due to various housework tasks that may increase the level of muscle discomfort [46] . Therefore, task assignment should be conducted in appropriate proportions for each gender. Followup on MSDs should be carried out regularly.
Additionally, the increasing body of confirmation that has accumulated in the past 10e15 years continues to show considerable sex differences in clinical and experimental pain responses, and some evidence suggests that pain treatment responses may differ for women versus men [47] . Moreover, physical symptoms in turn were the strongest predictor of illness behavior. Gender difference in physical symptoms disappeared after controlling for positive and negative mood states. Thus, mood states seem to mediate gender differences in symptom reporting [48] .
Work duration
The duration of work (in years) between men and women was significantly different (c 2 In the case of women, it was found that those who had been working for 6e10 years and >10 years had, respectively, 5.92 and 8.13 times higher risk of lower back pain than those who had worked for <1 year. However, it was found that men who had been working for 6e10 years and >10 years were not at a risk of lower back pain than those who had worked for <1 year. This may be the result of heavier workloads assigned to women because women are normally assigned multiple tasks per day including working in fruit farm and housework.
This factor could be related to pain in the low back pain, which corresponds to the study results reported by Alghadir and Anwer [49] , who found an association between the duration of work (years) and pain symptoms occurring in many parts of the body (p < 0.05). This corresponds to the study conducted by Ng et al. [50] , who mentioned that working duration is an ergonomic risk factor that is related to MSDs.
It also corresponds to a study conducted in Bangladesh, which found that working duration in massive orchards has shown an association with musculoskeletal pain [44] . The risk among Cambodian farm workers may be a result of unhealthy working gestures and heavy lifting tasks. The fruit basket's weight is 57.2 lbs, which exceeds the standard weight of 51 lbs [38] . The longer working duration also imposes more of a risk of development of MSDs [44] . This corresponds to the findings of a study, which indicated that a task of lifting at least 10e20 kg during the working duration of 10e20 years will increase the risk of developing hip pain. After 10 years of working in an orchard, hip pain will start to appear.
Plantation area
The effect of plantation area (acres) did not significantly differ between men and women. However, plantation areas of 20e39 acres and >39 acres impose an increased risk of pain in the neck, elbow, wrist, hand, upper and lower back, hip, thigh, knee, and feet in both men and women compared with those who worked in plantations with fewer than 20 acres. The main cause of MSDs in men and women was usually attributed to overwork rather than ergonomic factors, particularly with regard to pain in the neck, wrist, upper and lower back, knee, or feet. A larger area requires a higher number of tasks, which may cause more MSDs. This corresponds to the study conducted by Hartman et al. [12] , which mentions that the risk of back pain for workload has aOR1.54, 95% CI (0.99, 2.38).
Unhealthy working gestures
It was found that unhealthy working gestures in both men and women during tasks requiring elevation of the arms above shoulder height are a risk factor for neck pain, which is 1.68 times (men) and 1.82 times (women) higher than that in men and women who are not required to undertake tasks of this kind. Data analysis of the bivariate logistic regression found that women participants were not at a higher risk of neck pain when compared with their male counterparts. In particular, the comparison of ergonomic work environment highlighted no significant differences between men and women performing tasks that involve raising the arms above shoulder height. It can be concluded that raising arms above shoulder height was a risk factor for neck pain for all those requested to perform this task. For farm workers, there are various tasks that require lifting hands above shoulder height, such as fruit harvesting, pesticide spraying, and fruit (grape, rambutan, and durian) picking.
Based on the ergonomic risk assessment using the RULA technique, it was found that the fruit collection and pesticide spraying tasks present a very high risk level. Those tasks require awkward wrist postures, elevated shoulders/arms, trunk flexion, and neck flexion, which correspond to the findings of the study conducted by Kalra et al. [51] , who mention that neck and shoulder pain have direct relationships with agricultural activities, such as soil preparation, watering, pest control, fertilization, pesticide spraying, etc. These activities cause neck and shoulder pain symptoms, which correspond to the findings of the study of the National Institute for Occupational Safety and Health [52] . This study indicated that the risk factor of repeated tasks and labor enforcement is the risk factor concerning the force being exerted in' for neck and shoulder disorders. An example of this activity is the continual use of arms and hands, which requires constant moving and the force being exerted in' for neck and shoulder.
Implications
There is a deficiency in data on risk factors for musculoskeletal symptoms for migrant farm workers. This study shows the different risk factors and their risk levels in certain works. Knowledge of these factors can be utilized to determine and control high-risk tasks before they develop into musculoskeletal symptoms, such as the design of the ladder used to pick fruits from different fruit trees.
Study strengths and limitations
The strengths of the present study lie in its correspondently large sample size, which was composed of farm workers from eastern Thailand.
The limitations of this study result from ergonomic risk assessment and the assessment of risk factors contributing to musculoskeletal symptoms among Cambodian farm workers in the orchards in the eastern provinces of Thailand only. The ergonomic assessment is conducted by watching the selected video of some farm workers. Therefore, the source of information may be limited, and factors of the disorder may not represent the whole population of Cambodian farm workers. In addition, the assessment is conducted through interviews. There is no medical proof from a physician, and therefore there may be some errors in the data.
The results of this study showed significant differences between men and women, with respect to their current drinking history, duration of work (years), and use of insecticide spraying methods. In addition, the difference in proportion of exposure to hazards between men and women, including heavy work and standing work, was found to be statistically significant. The difference in MSDs, including levels of wrist and hip pain as well as hip and thigh pain, between men and women was found to be statistically significant. The risk factors contributing to MSDs in men included age (>40 years), period of insecticide use (>10 years), total plantation area (>39 acres), and elevated shoulders/ arms. Among women, the risk factors contributing to MSDs consisted of the period of insecticide use (>6 years), total plantation area (>39 acres), and unhealthy working gestures (elevated shoulder/arms).
The recommendation of this study is to implement health surveillance for MSDs in at-risk groups based on age, working duration, plantation space, and unhealthy working posture. MSD control should be put in place to follow up farm workers' health, especially for men who are >40 years of age, who have been working for over 6 years, who have been working in plantation areas larger than 39 acres, and whose tasks require elevation of the shoulders/arms, as these factors can increase the risk of MSDs. Similarly, health surveillance should be conducted in women who are in at-risk groups due to factors such as period of insecticide use (>6 years), total plantation area (>39 acres), and unhealthy working gestures (elevated shoulders/arms).
The results of this study can be used to implement a preventive program, such as working posture/working station improvement, to decrease WMSDs among Cambodian farm workers and maintain good health within this population.
